Abstract. Ansari AA, Raghubeer H, Jaikishun S. 2019. The effect of vermiwash and vermicompost produced from leaves of Azadirachta indica and Citrus aurantifolia on the growth parameters of celery through hydroponic system. . This research was designed to determine the physico-chemical composition of vermiwash and vermicompost produced from neem (Azadirachta indica) and lime (Citrus aurantifolia) and their influence on the growth parameters on celery (Apium graveolens) through hydroponic system. Plants were treated with six treatments-A (nutrient solution for hydroponic systems), B (vermiwash and vermicompost made from T1), C-control (water), D (vermiwash and vermicompost made from T2), E (vermiwash and vermicompost made from T3). All treatments were replicated six times in a complete randomized block design (CRBD). Results indicated that vermiwash and vermicompost when used in combination can be substituted for chemical hydroponic solution used in hydroponic systems. T2 had a significant effect on celery plant where it produced plants with greater heights and stem diameter. Maximum amount of sodium was seen in plants treated with F. Plants treated with T1 had the highest number of leaves and branches. This research will further enhance the need for hydroponic agriculture as it has less detrimental effect on the environment and produces greater yield and better quality of crops.
INTRODUCTION
Growing plants on soil has been developed and practiced from the beginning of human existence. However, this conventional agricultural practice can lead to difficulties in plant growth because nutrients level in many soil types are unpredictable and may be inaccessible to some plants, also some plant diseases originate from soil. These conventional farming techniques have given the impetus to venture into more reliable alternative methods of growing crops in safer environments to improve yield quantity and quality. It also reduces the dependency on the use of pesticide on crops (Resh and Howard 2012; Treftz and Omaye 2015) .Climate change together with irrigated agriculture propels soil salinization and makes it more difficult to cultivate glycophytes. In addition, global population is rapidly climbing and may reach about 9.7 billion by 2050. To sustain this population, the present level of agricultural production has to increase by two folds (UN 2015; Deinlein et al. 2014; Flowers and Muscolo 2015) . Hydroponic agriculture results in higher yields, better quality and enhanced water use efficiency and can be designed to support production across seasonal variations (Buchanan and Omaye 2013; Gruda 2009; Koyama et al. 2013) . Hydroponics is a method of growing plants in water solution which contains the necessary nutrients for plant growth and productivity. Vermicompost results from biooxidative processes in which decomposers disintegrate organic substrates and modify their physical and chemical properties. Earthworms were noted for this exemplary ability to breakdown organic matters into rich humus in the likes Aristotle and Darwin (Domínguez 2004; Ansari and Ismail 2012) . Vermiwash is residual liquid that contains excretory and secretory products of earthworms along with micronutrients of the soil that is collected in water having passed through burrows of worm worked soil. It contains essential nutrients that are more readily available to plants and positively influences plant growth and yield (Fathima and Sekar 2014; Jaikishun et al. 2014; Prakash et al. 2016) .
Earthworms (Eisenia fetida: Lumbricidae) are abundant in disturbed environments and active in the presence of moisture. They are detritivores and geophages (Ismail, 2005) . Their contribution to the soil is evident in the mineralization of nutrients in the form of organic carbon, nitrogen, inorganic phosphorous, potassium, magnesium, and other nutrients in the excreta or worm cast from organic substrates. Constituents of lime (Citrus aurantifolia: Rutaceae) have provided many health benefits to us over the years. Potentially, lime is antibacterial, antifungal, antidiabetic and anticancerous (Daniels 2006; Balamurugan 2014; Nwankwo et al. 2015) . It also contains copious phytochemicals and bioactive compounds that are significantly useful to human. It is beneficial to use lime leaves to make vermicompost because it provides the appropriate pH to optimise the functionality of earthworms in the soil. Compounds extracted from neem (Azadirachta indica: Meliaceae) have been used traditionally to cure many infectious diseases and shown to be chemo-preventive with antitumor effects in different types of cancer (Paul et al. 2011; Hao et al. 2014) . Neem aids in healthier earthworms because they feed insatiably on neem, converting 7% of the feed into vermicompost daily. Earthworms grow faster and reproduce more rapidly in neem fed vermireactors (Gajalakshmi and Abbasi 2004) . Celery (Apium graveolens: Apiaceae) has antioxidant potential and many other chemicals that are beneficial to our health (Gauri et al. 2015; Kooti and Daraei 2017) .
The objectives of this study are to determine the physicochemical composition vermiwash and vermicompost produced from different substrates and to use vermicompost and vermiwash to grow lettuce in hydroponic system.
MATERIALS AND METHODS

Site of work
The units were set up in at the University of Guyana, Turkeyen Campus while the hydroponics systems were arranged at Georgetown, Prashad Nagar for plants to be grown. Physicochemical analyses were conducted at GuySuCo's laboratory. Microbial analyses were done at the Faculty of Natural Sciences Laboratory, University of Guyana.
Preparing the vermiwash units
Three (3) square five gallon bottles were selected for the units. A tap was fixed on the lower side of each container in such a way to be easily drained and to facilitate collection of vermiwash. About 20 cm of broken pebbles were placed at the bottom of each container followed by 20 cm of coarse sand. Water was allowed to flow through these layers enabling the settling of the basic filter unit. After that, a 22 cm layer of loamy soil was added on top of the filter bed. Then, 25 earthworms were introduced into the soil of containers with 200 g cattle dung + 150 g Lime leaves (T1), 200 g cattle dung + 150 g Neem leaves (T2) and 200 g cattle dung + 75 g neem leaves + 75 g lime leaves (T3). Units were moistened (10 min) and drain every two days. Microbial and physico-chemical analyses were conducted on vermiwash and vermicompost. The samples were analysed for the following physicochemical properties pH, organic carbon, nitrogen, potassium, available phosphate, exchangeable calcium, exchangeable magnesium, zinc, iron, copper and manganese (Homer 2003) .
Preparing the hydroponic system for celery
Small perforations were made at the bottom of small plastic bags (36) that were used for the hydroponic system. A mixture of 9 cm of sand and 3 cm paddy straw was placed in each bag. 50 g of vermicompost was added to each bag in rows two (B), four (D) and five (E) from T1, T2 and T3 respectively. The treatment details for the cultivation of celery using hydroponic system, are as follows: (i) Treatment A: 3 inches of sand + 1 inch paddy straw + 100 ml of normal nutrients solution per day + 1 celery plant. (ii) Treatment B: 3 inches of sand + 1 inch paddy straw + 100 ml of vermiwash made from T1 (Lime leaves) per day + 100g of vermicompost from T1 + 1 celery plant. (iii) Treatment C: 3 inches of sand + 1 inch paddy straw + 100 ml of water per day + 1 celery plant. (iv) Treatment D : 3 inches of sand + 1 inch paddy straw + 100 ml of vermiwash made from T2 (Neem leaves) per day + 100g of vermicompost from T2 + 1 celery plant. (v) Treatment E : 3 inches of sand + 1 inch paddy straw + 100 ml of vermiwash made from T3 (equal proportions of neem and lime leaves) per day) + 100g of vermicompost from T3 + 1 celery plant.
Microbial analysis (Aneja 1996) Preparation of nutrient agar
About 14 g of nutrient agar powder was weighed and suspended in 500 ml of distilled water in a 1000 ml flask. The mixture was then boiled and swirled. After dissolving, the mixture was then placed in an autoclave at 121 0 C for sterilization for about 20 minutes then cooled to 47-50 0 C. It was then poured into sterile petri dishes allowed to gel. Culturing of microorganisms About 0.1 g of soil sample was weighed and dissolved in 10 ml of water in a test tube. Each petri plate was labelled according to the respective substrate that was streaked onto it. After streaking, the plates were sealed and incubated at 37 o C for 24 hours. Total microbial count (included bacteria and fungi) was done after incubation along with morphological description of each colonies present.
Gram Staining Procedure for identifying the type of bacteria
The chosen bacterial colony from the cultured plate was removed with an inoculating loop and thin smear of the isolated bacterial colony was made on the slide in a circular direction on a drop of distilled water. The smear was then fixed by swiftly heating through a Bunsen flame. After drying, the slide was then flooded with crystal violet for 30 seconds and then washed with distilled water. After washing off crystal violet from the side, the slide was then flooded with Gram iodine for 1 minute and then decolorized by tilting the slide and drop wise rinsing with 95% ethanol. Slide was then washed with distilled water for few seconds and stained with 5-6 drops of safranin for 20 seconds thenrewashed. After counter staining, the slide was blotted and air dried. It was then examined under a microscopeusing oil-immersion to identify bacterial colonies.
Neem treatment and pest management
About 600 g of neem leaves was collected and boiled with 1l of water. After boiling, the mixture was diluted with 5l of water and mixed with 50 ml of soap. The neem extracts were then sprayed as pest management on plants three weeks after planting in treatments B, D and E.
Plant growth parameters
Plant growth parameters such as plant height and number of leaves recorded per week for period of 6 weeks. Percentage increase was calculated by using the following formula:
% increase in plant height /number of leaves = (week 6-week 1)/week 6 x 100
Agronomic data taken at harvesting included height, root biomasses, number of shoots, number of leaves and diameter of stem.
RESULTS AND DISCUSSION
Vermicompost made from leaves of neem (T2) and lime+neem (T3) was slightly acidic (pH 5.89) while it more neutral for vermicompost made from T1 (pH 7.54). All pH levels except T2 were within the pH ranges 6.5-7.5 which is the pH that most plant nutrients are optimally available for plant growth. Nitrogen level was lowest in T3 followed by T1 and was highest in T2. Statistical analysis (ANOVA) showed that the difference in physico-chemical parameters is not significant (p=0.34). Nitrogen is required by plants in the largest quantity and is most frequently the limiting factor in growth, development andproductivity. A plant receiving adequate nitrogen will exhibit enhanced growth (Perchlik and Tegeder 2017) . Phosphorus was lowest in T3 followed by T1 and highest in T2. Potassium level was lowest in T1 followed by T3 and highest in T2. Potassium is an essential plant nutrient and is required in large amounts for proper growth and reproduction of plants. Copper was lowest in T2 followed by T3 and highest in T1. Copper activates the biosynthesis of enzymes and proteins critical for the metabolisms in plants (Yruela 2005) . Zinc was lowest in T2 followed by T1 and was highest in T3 (Table  1) .
Zinc is a plant micro-nutrient and is essential for the synthesis of enzymes essential for nitrogen metabolism, energy transfer and protein synthesis. Therefore, its deficiency will result in significant growth retardation and reduction in plant yield (Hafeez et al. 2013) . Manganese was lowest in T3 followed by T2 and highest in T1. Manganese contributes significantly to plant physiological systems and structural formation of proteins designed for photosynthesis and other biochemical reactions (Millaleo et al. 2010) . Iron was lowest in T2 followed by T3 and highest in T3. Iron is needed for chlorophyll synthesis and maintenance of chloroplast structure. Deficiency in iron leads to poor plant health, reduced productivity and quality of yield (Rout and Sahoo 2015) . Magnesium was lowest in T3 and highest in T1. Magnesium is an essential macronutrient for plants. It has a range of key roles in many plant physiological functions (Guo et al. 2005) . Calcium was lowest in T2 and highest in T1. Calcium is considered a secondary plant nutrient and is required for structural function in cell walls and membrane (Marschner 1995) . Microbial analyses of vermiwash and vermicompost were conducted during the third week to ascertain the presence of microbes.Total microbial count on vermiwash was highest in T1 and lowest in T3. Highest number of bacteria was seen in T1 as well as the highest number of fungi as compared to the other samples. The highest number of microbial count in T1 is due to the substrate used to prepare the vermiwash which is lime leaves which may be attributed to weak presence of antimicrobial properties. Also microbes were deposited from earthworm casting and some also came from the cattle dung used, however earthworm casting and cattle dung was also used to prepare the other vermiwash units. The main reason for the highest amount of microbes in T1 is the use of lime leaves compared to neem leaves and a combination of neem and lime leaves in the other two vermiwash units respectively because of the presence of several antimicrobial active ingredients in neem leaves. In vermicompost, similar results were obtained where the highest number of bacteria as well as fungi was found in vermicompost from T1 (Figure 2 ). Statistical analysis (ANOVA) done for results obtained on vermiwash showed that the results were not statistically significant. Statistical analysis (ANOVA) showed that the p value 0.17 (p> 0.05) and for treatments and p of 0.44 (p> 0.05) for the different microbes. For statistical analysis conducted on vermicompost it was seen that results were statistically significant for the different microbes and was not statistically significant for treatments where treatments has a p value of 0.48 (p> 0.05) and the different microbes has a p value of 0.01 (p< 0.05). Earthworm activities enhance the beneficial population and in some cases may have repressive response to pathogens in the soil which allows for healthier plants (Yakushev 2011; Kiyasudeen et al. 2016) .
Plant heights were measured on a weekly basis for 6 weeks and there was a significant difference between the plants height recorded over the 6 weeks period (based on ANOVA). The highest mean growth and percentage increase (80%) were seen in plants grown in D treated with T2 followed by plants grown in B treated with T1, while the lowest height was seen in plants grown in the control medium (C)which was treated with only water (Table 2 ). Analyses showed the highest level of nitrogen present in T2 followed by T1 and nitrogen is a significant player of chlorophyll and boasts plant growth and development (Perchlik and Tegeder 2017) .
Number of leaves was counted on a weekly basis for 6 weeks and a significant difference was also in the number of leaves over the 6 weeks period. The highest number of leaves was found in plants grown in B treated with T1 followed by those grown in D treated with T2 and the lowest number of leaves was found in the control. Magnesium was highestin T1 followed by T2 (Table 3) . Magnesium plays a pronounced role in many enzyme activities and structural stabilization of tissues and it deficiency can result in poor plant heath (Guo et. al., 2016) . Magnesium deficiency is reflected in diminutive roots and shoots and leaves with necrotic spots resulting from the impairment of carbon metabolism and chlorophyll deficiency (Brady et al. 2005; Guo et al. 2005; Herman and Verbruggen 2005) . Overall plants parameters showed that plants that were grown in treatments D and B showed more pronounced growth followed by those in E then F and A and control ©. Highest plant height was seen in those that were grown in D due to the high amount of nitrogen present in the vermicompost. Number of leaves was significantly high in B as compared to the others. Width of the main stem was equal in B, D and E. while root weight after harvest was significantly higher in D as compared to the others (Table  4) . Statistical analysis (ANOVA) done on the overall parameters indicated a statistical significance for the different parameters with p value of 2E-05 whereas it was statistically not significant for treatments with a p value of 0.047 (p> 0.05).
In conclusion, vermiwash and vermicompost when used as a composite can supplant nutrient solution in hydroponic systems since it promotes greater plant growth in its entirety. Vermiwash and vermicompost made from lime leaves have proven to be a better substitute for plant growth resulting in taller plants with greater width. They constitute adequate amount of macro and micronutrient for plant and release these nutrient slowly so that they are readily accessible and remain in the soil much longer. Also, these nutrients are in right balance, hence they don't react to affect the quantity available or absorption of othersand thus maintaining a healthy soil ecosystem.
